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ABSTRACT We describe flie construction <tf a safe, rcp- 
licfttioB-defectiTe and cfCcient lentWra^TOCtor s«ilal>le tor" 
eene delivery. 1^ revet« tramcH|ittaii of the ^ 
fouiHl td be a rate-UmitiitC stm therefore, l^omottog ttie 
n=Hcdoii tesidc the vector particles before deUvory signWl^ 
ointly enhanced the efndcncy of ge^e transfer. Alter mjeUicm 
mtoiebmln of «Mtn.ts,^tali*^ "^"^^"fTt^^ 
the transeeae wafi 6btaii»ed In ttic absence vt dotecUble 
STihdiofA hi«b proportkm of Uic n eonms In tbe jr^s 
Lrroimding atTugcctKm «tes of (be vector «P»^sed the 
ttansdBoed ^^lactofiidase This paixera v»as tnyanant 
m aniinaU siicrificed several months after a singk admuus- 
uatlonaf tbevector.TraBsducttonocoiTS by IntegraUonofttic 
y^t eenome, as tt via* abolished by a single ammo add 
subsUtSon in the caialytie «te of the integrasc i^rotetn 
tocorporated in ttie vector. Development ot ainicaUy acc^ 
able derivatives of the lenfivynl Tedw may <hos enable the 
sustatacd delivery <>f «lsiiificant amountJ of a therapentK 
gene product in a wide variety of smnatic tissue^. 

Gene therapy is a prMnismg new ionn of medidDC because ot 
its potential to reverse the geoedc capses of seven! innate and 
acquired diseases (1, 2). Tbe correntiy avail^le nietiiods of 
^ delivery suffer trom sevcial major hniitatioixs that cortajl 
Sc Teadization of these high cxpectatiwis. NoDviial mettiodH 
aic ineffidcQt aiid only attain a tran^eat eaqjrcsfiton of tbe 
transgene, wbUe no viral vector yet offers a satisfactory 
CQKDbmation of efficacy of getje transfer, sustained tramgoie 
expression, and biosafety (3, 4), Adenoviral vectors allow 
hiehly cfficientdelivcryof the tiansgene inmosttassuesin vtvo, 
blrtitscxpressioD is transient. This is mostly due to thcinunune 
response against the transduced ceUs, vhicb also express a low 
level of virel proteins (5-9). Vectors derived from oncoretro- 
viruses, such bb the Moloney leukemia vims (MLV) integrate 
the txansgene in the genome of the target cells without 
tranfiferring any vital gene, two properties considerod <xuaal 
for the sustained exprcssicm of tbe transgene (10). These 
prototypic letrovirai vectors, however, are severely restnclcd 
hi tbei potetitJal targets, a« they only transduce cells that 
divide shortly after infection (11). Consequently, they aw nxofit 
often employed m dcmimding ex vivo proto^^s of gejje 
uansfer (12-16). Fuithcimore, transcriptional shntoff o\ the 
transgene after reimplantadon »» nvo of the tratisdnced cells 
is faequently observed (17, IS). .rrmA 
We have previously described a human lentivirus {mv)' 
based vector that can transduce nondividhig cells- As the 
owticles are piseudotyped with the envelope of the vesicular 
stomatitis virus { V5 V), the vector can serve to introduce genes 

He pt*licatwn ctnta of this t^T^cU. ^csc dcb»y«! in page Aar^ 
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into a broad range of tissues and can be used ift wvo (19). 
FuTihernioie, we demoostrate *at w vivo geiie transfer is 
dependent on afuncUonal integrase proicia and that tran^ene 
^^on is sustained for several cnoaths without detectable 
piutbology. These characteristics suggest that Icntrviral vectors 
could play a major lolc in the arena of gene ther^, 

MATEKIALS AND METHODS 

Flasmid Constmclioii. The construction of the OTV- 
derived plasmids pCM[VAR9, pHR'-CMVLacZ, and pHR - 
CMVLudf has been described (19)- Plasmid pCWtVARS^v^as 
derived fioto pCMVAE9 by substitudng, for a 2.7-kbp S^- 
^ornHI fragment, a OJ-kbp S<dI^otli^^^i (obt^^ 
a PGR that added to the pixiviial HIV-l HLA-d DNA se^ 
quence, at the end of the vpu gene, \siop 
reading frame followed by a J^^ofl Site) and a 0.85-lcbp Noa- 
Bamm fragment from pHR', containing ^Notl linker n>tto- 
diiced at the BgPl site 7620 in the HlV-1 HXB2D sequence, 
tbe Rev responsive cletpent and the splice acceptor site for the 
second exon of the iloi and w genes. The construcbon deletes 
nucleotides 6308-7611 of the HfV-l NL4-3 genomejencom- 
passing a large portion of the env oo<Mng sequence, frcrn the 
ppclcaging plasmid. Its remaininginV-1 sequences derived 
fc^^mld pR7 (20) [nucleotides 708-1506 and 7620-9416 
' inthe HXB2Dsequet)ce(21)laadNU-3(tiucleoti^^^^ 
6307), PJasmid pMD-G drives the eacpresfiioo of tbe vsv.tj 
readins frame from the human cytomegalovirus imipediate- 
early promoter (hCMV) aiid conUms P-globm w^uences 
upstieam (exoo9 2 and 3, iutcivebing sequence 2) and dovm- 
^^am (polyadenyljlalion site) of it All plasmids contam the 
simian vims 40 ori^ of replication in the 

ProducUon and Assays ofVectors. Human k»dney 293T ceus 
ri-S X 10*) were plated on lO^oa plates and transfectcd the 
foUowingdaywith 15 ;tgof pCMVAR8.2,20 ^Lg of either 
plasmid, and 5 ^ of pMD.G by caldum phosphate DNA 
pyccipitatioD (22). Conditioned medinin was harvwted 62 hi 
after transfectitMi, cleared of debris by low-epeed centnluga- 
tton. filtered through 0,45->ixn filters, and sss^ed for p24 Gag 
antiixen by EUSA (DuPont), Pot transductioo of rat 208F 
fibroblasts, cells were infected ^/emight with seiid dilutions of 
vector stock in culture medium supplemented with 8 /ig of 
polybrene per ual. After mecUum replacement, tbe cells were 
further incubated for 36 hr, and expression of ^-galactosidasc 
(jB-gal) was scored by S-btomo-WdOTO-S-mdolyl 3-l>gaiac- 

. AbbreviaiioaE: MLV. Moloney leu)2=mia viru« VSV, yesjcular stoma- 
titis viru« hCMV, human cytomegalovirus umncdiate-earty promoter, 
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te*tde OC-Gal) staining, mi* were calculated by counting fte 
Sa^of Si of blae ceUs per aod dividiflg it by the 
^fS^ SctoTEspression of bdferase was assayed by wash- 

mM Ka/5 mM MgQj). extracting tbem with 

^Xdw were prepared by ultracentrifugation of conditioned 
S^aTSJw X g for 90 mm. lesnspension of the peHe^ 
St s^aM volome peicent of the Btaitmg vohime of 
Sii^) TBS dmtaining 10 mM Mga, pooUng. 
Satiin witb or without 0-1 «Al trf each of the four 

deosynudeotides (dNTP*), ^ y^^^JP^^'X^^Zi^, 
sp^dine for 2 at STC After dUutioD in IBS ite yeetor 
^des were coo«ntr.trf fay a second ^^'tracenmfo^^. 
Ld tte fnal pellet was tesuspended M """f J!^""* 
(half thousaniWi of the startiBg volume of f'^'™)^* J*^*^*: 
saline containing A p« of polybiene per ^■^^''^^'^^^ 

Stocks were stored frozen at i«r<^ ana u 
after fteedng-MLV-basedp^ai vector wsamlariypiod^ 

SrSTtranlent transfection mtp 293T ccUs of a plasnnd 
SmLV^^T and^ genes from the hOAV pro.^ 
Tie^or iOjtcMVLacZ* which «mes »be same 
iitSi cSHs the HIV W veaor) and thc^^^ 
pLnid, Befoi€ injection, all batches of vector were tested for 
the absence of replication-competent vwus by mfeciingHcLa 
cells at high BdlipHcity of infection (HeLa P4 ceUs, whidh 
Si«s cm and contain an integrated LacZ gene dnven^ 
the mv long terminal repeat), obtained from the American 
^^Ihue collection stock (23). and HeUt «lls pi^onsty 
^sducedwithalcativiralveaorcBitymgadifferent reporter 
gene and selected for its expression. Tie transduced cdls were 
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passaged two to three times, aiMi the ^^^''^'ff" 
ust^for transfer of the markers to virgin 208F fibroblasts or 
for ft-gal-indudng activity on P4 cells, *c^,i„„; 

ik^o Ddivery of Vectors and JnmunostamiBg of Sections 
from the Injected Brains. All aaimal procedures w«e ^r^ 
formed according tD an P'S^i?^! 
Bndex strict biological containment. Adult female Fischer 344 
rats were anesthetized (ketaminc. 44 mg/kg; acepromazme, 
0 75 mg/kg; and xylazine, 4 mg/kg, in 0.9% NaCl i.p.) and 
positionedto a stereotactic head frame After midlme mcsion 
of the skin, holes were drilled in the appiopnate locations in 
the sknll with a dental bnr. and a 5.y\ Hamilton syrmge with 
needle ^^s t«ed to slowly inject 2 ^ f ^P%"°°^ 

sterile saline into the striatum (AP +0.2, »^ -/„f '^X 
and hippocampus (AP -3.5, ML 3.0. DV -4.0) bflateral^. 
Holes were then filled with bone ^w. the incision was sctnied, 
and the animals were returned to their cages. For ass^smg 
transdnction, the rats iiverc deeply anesthetized and petfascd 
with 4% cold paraformaldehyde and 0^2% ^ntaraldebyde 
intracaidially. The brains were removed, post-fised at 24 hr, 
sBtnrated in 30% sucrose, and sectioned on a freezrog mic- 
rotome (50-,tm serial sections). For "Sbt m^wcopy^ttons 
were incubated vith rabbit anti-^ antibodies (1:1000; Cor- 
tex Pharmaceuticals, Irvine. CA) and stained usti^ avidm- 
biotjin>eiwridase (Vectastam ABC Elite; Vector Labortfo- 
ri«) and diaminobcn^dine. For immunofluorescence l^el- 
ina, mouse monoclonal anti-NeuN and guinea pjg anb-GFAP 
anribodies, secondary antibodief coupled to the flu«escent 
barkers CY5. dichlorottiazinyl amino fluorescem. and Twas 
Red were also used, and the mounted sections were analyrcd 
by confocal scannmg laser mictoscopy (Bio-Rad model 
MRTC600). Fluorescent signals were collected, digitally color 
enhanced, and superimposed. 




Ficl. Sd^nu^ic^theseneratiouoflentivi^V^^ 
at the top; their contribution to the vector pwttdeB barr«^ m iheMarfco^ ^^Tt^^^L^w^Qt^ P^«x»^r and the insoBn 
Sepadi^ eownuct, provides all vector proiems but ^ ''Z^^^^^^X!^^^o^^^^'^^*^^^'^'>^ 
pobSki^tionsitc P«wi«l5' leader and * '^'P^J^f^Jf^.^'^X^^^ ,5.«^«ingv«tor,P«vides 
^i^ed upstream cfthcremammgon. segment •n.^^n^ ^%^l!^^r^^^^g^ii:i^i^ after 3S0 bp and isoot 
the vector «^me. Jbej^altong '"'^^^^^^^^J^^'L^^^^rZ^-n^^St a hCMV^en «pr<»sbn c^tte 
of frame (X), ^^•jf"""^ ^'.S^'S^^^ ^Th^^ 4atUud^ the vecmr. The hCMV pxomot^ dnvcs 

for the p-sal d>lU (UcZ) £ shown. VtS),Q .™i««TnfeaniB 2 and 3 £IervcniiM! seOttence 2) and downsttesm Ipoly(A) site]. 

.tK6VSVG^e8dii«fr8m?.,v%h:h«)s-P^i^ 
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. RESULTS 
Generaton of High-TSter Ixaitlvirtl Vector with Improwsd 
^fectioo of tbi«e plasmid. into tauran ladng^^raTcrfk 

mv-l Ptovij^ DNA- The padca&og ooDi^ct e^>re»«=s an 
mvmS^^ptoteinsbut the envelope from heteiologqas 

S^^dT^^ gene and ttw fiieflf loofeiafie goac 
driven by tlv.bCMVpioi«Jt«wQ*ji«d »M?P??*^|^*^ 
this study. A »o»cl padcagbg plaamd, fOCVARS^ ^ 
c^stnicted to imiaenre the Mosafciy of the vector. It was 
SSSmS«^o«ly described pl«mld P*^/^^ 
deletion o£ ^4 tt>p from the «iv gene scqococ^ dowii**am 
Ol the (faBCtiond) vpu gene aid ""l^^^;^* ""^^ 
stop codoD. The deletion of sequences did not fte 
view or the tranwtoction efGdencyctf the vector P«rt^';3be 
third rfasfflid. iMD.G, encodes the hctatoVop»= VSV enve- 
lope aidklied for pseodotypmg the partides gei^ 

fte oflnertwo conrtincts. „ - ^ ^ 

^Iijd,.titotfo<±sw«*6btaiDedliypcfct.ngti^ 

thel^isfBCtants cowfiliooed meditim bjr two loonds of nhra- 
centrifngation »t 50.000 X ^ for 90 mm, as described for 
VSV.Gise»aotyped MLV vectora (24). Vcctoryidd avera^sd 
50% toeacb ccntrifogation step. both roeasored as p24 Gag 
S^^t and astransdndngnnitsin 208Fi«tfibiobt«t^ Tbc 
overaD yield of the protocol was «25%, with an m^e»e m 
transducing titer of three ofdeis of magnitude. As the tean^ 
fectant conditioned medinm contained, on ««««^ fj* )^ 
cransducing nnits/ml, titers of 2-4 X lO^ tiansdnang umte/iBl 
were rontincW achieved. When normalized to the content of 
i>24 Gas antigen, the transdudng acfivityoftheyertorwas oot 
affected by the centrifogation steps, averaging 4500 transduc- 
lognnite per ngof p24in 208F fibroblasts. The absence of 
r(SKcation-«Hnpetent virus &oro all vector stocks vna proven 
by the lade of spreading or mobDiiation of reporter genes frooi 
tiansdnced cells (*ee Afateridis <»Mi A/etliois). 

Transdnctlo* Is Enianced by Promodng ImrapnrtKfcRe- 
vene Transcription. Wo previousiy showed that the HIV- 
based vector is less efficient in ceUs arrested in Go than m ceUs 
growing or arrested in Gi/S or Ga. TOs beoatpe more mari««i 
tibe loMcr the culture had been in Go and oonrJated with a 
progressive block in reverse transcription of the vector gpDome 
fl9> We dooded to teat whether promotion of the reaction 
inade the vector particle, as described by Zhang a aL (^oi 
tbc HIV virus, would enhance its transducing activity. Upon 
incobatioo wifli a niiJttute of the four dNTPs and the poly- 
aminc aerrnmc and spermidine for 2 hr at ZTC. ^ Off 
ductiOtt of a hidferase reporter geac increased 2-fold ro 
icrowins 208F fibroblasts and up to 5-fold in Go-arxested ceBs, 
bccoaSg independent of tie length of growth-atrest of the 
culture ff5B. 2). We then tested whether b similar effect was 
observed in the transdnction of tcnninaUy differentiated ceUs 

Emckiicy of Transduction by the U»tiviral Tecior tit 
Ratlrain N«irwis te Vtw. Stocks lentiviial U-<^i vector 
matched for the content of p24 Gag antigen, were roaibated 
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F1G.2, Transduction -b^nbiflcod by jmairotingtet^^ 
lion inside the IcDthdial vector b«foic infectiofi. Rat 208F octtfi were 
pUt»a at W density aad either infected the ft^Jowing dag (Growme) 
or grovm to confluence, switched to medium containi.s5% 
5rtid 2 iiM dcxamethflsone (H)* ^ furthcrteciibaicd for the indicate*? 
nmnbo: of wccVs before infection (GOi wsckfi, viberex = ntiinbcr of 
weeks) wfth leotiviral ludfcrase vector jaeincntjaicd with or withwt 
dNTP» and polyaiDincs. Trai»alacticfl was scored ocmqjaai^ lumi- 
ncscenocin ccU extiiwas 45 br after infiw^iioii with both vectoo^Plottcd 
is the mean i SEM i>>creasc m twjsdijctioa ty the tteatfid vccto O^^ 
the level induced Iry die uiitreaicsd vector, calcuteted tern m*^^ 
performed at three diffeienimtihxplidto of infccli^ 
fold tBUce in a typical eJtpedmcDt In the «31s arrested t»Gj, ^ 
transducticnlhy the onttaatcd veCtOT was 28% (GO 1 week), JS% (<5v) 
2 weeks), and 13% (GO 3 weeks) <A that scored in srowTag «d!a- 

with or withoot 4NTPs and polyandDes for 2 hr at 3TC before 
mjectiaa, J5-Gal MLV-based vector, psetidotypcd with the 
VSV envelope, was alw treated with the tJNTPfi and inalctoed 
for transducins activity on 208F cellt Vector suspension (2 *J) 
wras injected into the coiptxs fitriutum and hippocampna of both 
sides of the brain of ancstbetiiied adtUt female Fisher rat&- 
Groups of three aaimals each -were sacrificed at increasingly 
longer time intervals (2 wedcs, 6 weeks, 3 tnonths) from a 
singJe vector adtninistratioti. Tran6dtictic«i ratfc was assessed 
for ead) inject^ brain by serial cr?ostatic sectioning, and 
immunostaining of each rfxth section fot ^gaL The relative 
proportion of transduced ccR lypes was estimated by imniu- 
DofJuoresceDcc costaining of pcpresentativc sections with an- 
tibodicfi directed against ^-gal and cell type-specific madccxs 
and csonfocal microficope analysis. 



Bcctiopis, fOT the teutSviial vector treated with dhHTs. 
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^I^Mfiiig tlMS il^ecrian site iapittfies tf^ 



AcQDspicootts Iracticrt of ccUswa$ rc^rodnriHy tT»i>^ced 
bv the leutiviral vector swound th^i htjectioo site, aud ceU5 
^Tc^ 0^ coaUi be detected up to Bevml mflhmeters 

tiam^duced cells showed oeuional mQiphdogy and, when 
costained for immunofltioresce^nce, expres^d ^ ^ 
maikef protein NeuN (fet 26; Fig. 4). Ticataient of ihe 
ientiviral vectoi wUh dKTPs before delivcnr ^ 
icBntly its traii«iucdon mte in wo (Fig, 3, compJJie ^ and ^ 
with C and D). An estimate of the average density of trauf^ 
dacod cells iiMiicated at least ?i Mold increase (data not 
shown). The MLV-based vector (^splayed a compwabvely 
poor tinsduction rate (Fig.3£andiO.CeUfitian^dt^ 

vector were sm^er and different from those P^om- 
naotly stained in Icntiviral-iniected brains and looked Kke 
oligodendioc^ and astrocytes. A* expected, noo^ 
found by immtmoflxiQre^cence analysis thai express^ 
togethcx witb the neuronal marker NenN (data not ^own). 

Lone-T^ E3qw«s9ion of the Transgeee inVh^^thNo 
Detectable Pftihology* The patteiD and the estimated density 
of cellfi expressing Prgal in the Injected areas 
appfredably with the time elapsed smce adinini^iatiott of the 
Icotivirai vector. l!us remained trtie for 3 loantliB, lon^t 
time cjcannned (Fig. 3 / and J). Occasionany, 5«ne detectable 
tissoe damage in the injection site was observed at the cariier 
times af ter i^on, possibly related to local bleeding, but fte 
majority <*£ the exwnioed tissues were remarkably unaffected 
the delivery and ocpresaon of the transgene, as alsoseen by 
bejnatoxjdin and eosin staining (data not shown). Pttrthcr- 
Hiore, the distributiotJ of glial oelis was oot altered m the 
iDiected areas, as documented by inmronofluorescent stammg 
to the expression of the astrocytic mariser ^ial fibiillary aa^c 
protein (data not shown). Id brains injected with the ML-V- 
based vector and examined at late tiroe& after admirustratton, 
ahpost no cells were detected that still expressed I3ie iransgctte 
(Fig. 3 iT and L)- 



TiantidnctiMi bx Vitc Oc£xm by Integration of the Tr^m- 
gencL To verify ^ther transduction in vivo occotb by mte- 
graticwj of tlie transgenc, we used a p^al vector incorporating 
a mntanl form of intcgrase carrying a single aiwmo acid 
substitution (D64V) in the catalytic site. The generation and 
bicdogical properties of this mutation, both m. the <»nte^t 
the HIV virus and the lentiviral vector, have been described 
(271X19) While the mutation severely deceases the activity of 
the enzyme »n virro and in vivo, it has no detectable effect on 
the preceding stepsof the infection pathway, indiutog partade . 
budding, entry into the tais^t cell, reverse transcriptjon, and 
nudcax import. It did, tbou^, reduce transduction by the P-gal 
vector in vftw? to a residual activity <2% of th^ of the 
wild-type. For testing its effect m vivo, a concentrated stodt ol 
vector incorporating fee mutant enzyme was prepared as 
above, matched to the wild^ype for content of p24 Gag 
antigen, and injected into the brain of three rata. In all mjccted 
sites, exammcd either after 2 or 6 weeks, fcom rwne to a contde 
of raic cells could be detected cTpresMig 3-gaL providing 
genetic evidence that expression of tbe tran^ene in vivo 
depends on its integration (Rs- 3 G and iZ). 

DISCUSSION 

The design of a vu:al vector system relics upon the segregation 
in the Vital genome of cjs-acting sequences Invohred m its 
trasnsfeT to target cells from imws-acting sequences enct^og 
th viral proteins. Itie prototype vector partide is assetx^led 
by viral proteins expressed from constructs stripped ol au 
cis^actiog sequisuces. Ibcse sequences arc instead used to 
frane the explession cassette for (he transgene driven fcy an 
heterologous promoter. As the partide will transfer only the 
latter coostrua, the infection proccfts U Hmited to a Bmgie 
round witbont spreading. The safety and c«iciency of an artoal 
vector system depends on the exieut to which this ideal, 
compkt segregation of ds- and trxmy^acting functiOQs is 
obtained* 
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In the case of HIV, several sequences have been 
by deSion studies in the encapddaticm dinienz^^ of 

^i^xite^gJy coQtributes to RNApackagh)g, the toleof 
S^SoDdiS icgio^ in the HIV genop^c secnis moic to 

^ttantTB^oeDccE have beeti adisntified m toi^bed 
E^Tn^^icpeats and 5' leader seqpetjces ppsiieam of the 
SS^ spikt^ d^te (31-35). A «iajor caveat, b^^f^ ^ 
SJxecbnstittition of the packaging fimcjioa has y«t 
S^^by juxtaposition of the ideatified scqtienc^) to 

cither hi^ scqucuce^pccific or, more likctj, "f^^^PSf^ 
difiXtE^ex a raAer )^ stretch of its 5' sequence 

^^Ler^I features of the HTV^erived P«^f°g ^^Jj^ 

sdibcdhei© preveiitit5 txansfertothe targiit cens. The corobi^ed 

Scatioclofthe5'erKidetetecrdim^ 

to date implicaled in RNA encapddaiion and duncnzalioa wtti 

the p««bk eieeptiati of the 5' portiao ^l^^^^^^^^^ 

38 mRec^M^^ 0^ icpMtedtbe 

^'cSiatioiie4i«^ 

of thesHeader sequence; relative CO the wiW-type coutiteipart, 

it was reduced to <0 A for transcripts derived fr^ a cwi^ 

comparable to pCMVAR8.2 and to <0m tn the t«^uoe of 

ScSwild-W^ RNA (35), ForthenBore^e deletou 

bQti?lOT«tcnxiinalr©peatfiandoflhepnrncxl^^ 

paxtogmg plasmid ^tdd laovent reverse ^ransenpdoQ ^mte. 

^tk» of any etK=ipsidatcd transcript not re^ 

vector BNA Tic transdaciiig vector, on the ctfhet hand, ts 

endowed Witt afeUccflttplemeiitQr the ds-acdx^seqw^ 

identified tmtfl now, v^hlch allows its proficient tiBUfifer to the 

^^^irweH recognized that the retroviral infection is an 
inefficient process. Once the content of virions is delivered 
inside the target cclU uacoattng, reverse transcription, inter- 
action with cytoplasmic diaperones and the nudear import 
tnachinery, and matoration to an integratiodrcon^ent coro- 
rtex take place- These event*, the mechanism of which is fitiU 
CK»ly understood, can result in degradation and arrest at a 
stSble intermediate, as v^eW as integration of the viral geriome 
(40). Partial reverse tiaoscripta have been detected in HIV suQd 
MLV virions (41-43). Keeenfly, it was shewn that viral DNA 
synthesis can be promoted inside uitact HIV-1 partidcs by 
ea>osore to dNTPs and magneaum dsloridc and that the 
effictcii<y of the reaction can be increased by the addidcwof 
the polyainine spermine and spermidine (25, 45). ine 
Tesnlting HTV-l virions eriu^it an increased infectrvity m 
primary T ly^^>hocytes infected before activation, a setting m 
which reverse transcription was prcvionsly demoostrated to be 
a rate-limituig step (46-48). The stimulBtion of reverse tran- 
scription inside virions was also shown to increase thettans- 
au^on efficiency of MLV-based retroviral vectors in dividing 
tatsets (49), Here, we find that it significantly augnjents the 
efficacy of gene transfer mediated by the lentiviral vector. Tlus 
effect vrafit»ost pronounced in nondividing cells and could also 
be obscivediB vivo. Performing such in vitro reverse transc^ 
tfon reactions before injecthlg the vector may be critical for 
some nonproyferating targets that maintain low cytoplasmic 
po<d8 0fdNi:P8(50,51). - - . 

The cnidal advanta^ of the Jentrviral vector is its integra- 
tion in the genome of nondhddhig cells. This was proveij here 
by the dependence of the transduction on the incorporation of 
a functional integrase in the vector. At least in the case of the 
brain, the onty tissue sttidied so far, this provides long-term 
mtaioed cxprCBSion of Ae tranagene. No decreafie m toe 
c:0cnt of inmmnoreactivity was observed even 3 mcmths 
after a «nn^e vector administration. Given the recent report of 
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predominant transgoRe^lirected hmnune response* in animals 
ttansdnced with adenoviral vectors (52), it remains to be 
determined whether the brain represents an immune h^rven, as 
long suspeaed, or whether the adenoviral proteins expressed 
by the transduced oelb played a critical adjuvant r^C 

Retroviruses are thought to select, through pooriy under- 
stood mechanisms, active duomatin rites for the trttcgmnon of 
their genome (40). Ibis may explam why gene^liv^meto- 
ods based on MLV^<teived vectors often saffer tofla ^c 
transcriptional shntoff of the transgene, as was ctoserved in thi5 
study when the transduced ceUs return to a n<;mpiohfcrating 
statul and presumably revise their pattern oC chromatin ex- 
pression. The ability of the lentiviral vector to mte^ate m 
nondividii^ ocHs mzj aUow for the sdccdon of Stably Open 
chroroatm ates, thus ensuring against the transcriptional Si- 
lendng of the tran^encv 

The high pttrvalence of neurons observed among the trans- 
duced cell types in the brain m^ be due both to the neurot- 
ropism of the envelope of the VSV, a rhabdovims (53), and to 
a preferential expression of the hCMV promoter m nettrcms. 
as recently observed ^th trai^ic animals (54), » may also 
n=flect preferential long-term expression tn nondivimng eeUfi, 
for the reasons discussed above. , 

A m^or issue now oonoems the l»oealfcty d the Jentmnl 
vector. The novel feature of the padcagmg plasmid de«crib^ 
m this paper prechrdes the generation of wild-type fflv 
viruses, even by unlikely rearrangement and recombination 
events, pvcn the actual absence of most of HIV ewv pcquenocs 
In all three plasmids. In the previously described plasmid 
pCMVAR9, the emf reading frame was blodced by inficrtiai of 
aUnker contahiing multiple stop codons. The use of a separate 
plasmid encoding a heterologous envelope makes it extremely 
unhltely that a replication-competent recombinant be gener- 
ated- This would require multiple recombination events be- 
tween different i^asmids and/or endogenom retroviral se- 
quences, indudittg recombination between nonhomologous 
sequences. Caicful scrutiny and improvement oi the vector- 
pjrodudng system, including evaluation of the minimal set of 
vital genes required for effident packa^g of the vector and 
gcneraiioo of stable packaging (systems better amcnalrte to 
monitoring, are now required. 
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